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SECTION II.-GENERAL METEOROLOGY. 
DEFLECTION OF BODIES XOVING FREELY UNDER 

GRAVITY ON A ROTATING SPiXXRE. 

By CHARLES FREDERICK MARVIN. 

[Dsted: Weatlier Bnresn, Wnshin~ton, D. C., Nov. IS, 1915.1 

No fun(lanienta1 principle a.mong t,he l a w  of thr. nio- 
tions of the atmosphere and oc.c\aii currents is pw1i:ips 
so far reachinq in iniportaiit effecis and so diKil:ult for 
t,he general st.~kleiit. nnd noii-inatl~eiiiat~iC;21 rc:i.cler t,o fully 
grns . and conipreheid, as the deflective influence of the 
eart i: ’s rot.ntion on direction and motion of freelg movii!g 
bodies. Many espositions of this interest,ing dlynniiiic 
prohlcm have Iwen publishec1, and siiiiple csplamtions 
are to be found in stantlard works 011 nictcorology :tnd 
mec1ianic.s. Nevertheless, to niaiiy the whole aiatter is 
shrouded in ohscurity, and those who ln.cli the facility of 
lit,ern.lly bhinking in ninthiititical equa tiom 110 :lot, grasp 
the complete physirrnl realitmy of t.lic cfkcts or clc!arly (lis- 
cern the somce or character of t.he actual forccs in 
operhoii. 

In  view of the foresoing another esplaiintion a d  deri- 
vat.ion of the defhtive forces is now offered t.1in.t has 
been developed along the lines of a niethod nlrendy 
briefly present.ed in t.he MOKTHLT WEATHEIE REVIEW’.’ 
That artkle, lioweve,r, presupposes a good deal of kitowl- 
edge of the subject on the part of the render and. iiiore- 
over, fails to indimtc dearly the real nnt.ure tm1 origin 
of the deflecting forces nnd how they act-, all of which the 
present espln.iiat.ion aims t,o supply. While 1ackiJ:g all 
the elegnnce,.generalit.y, and directness of tlic established 
mathematical demoi~st,rat.ioiis, the new preuentatioii 
seeks to visualize and make obvious t.he severnl forces, 
conditions, and effects in a nianner that the genern.1 stu- 
dent with just the ordinary faniilisrity with the principles 
of mechanics and the paralle.lowm of forces mill readily 
follow and clearly comprelienX 

In order that the reader may be bett,er prepared to 
follow what is presented lnter it secnis proper t,o say at  
this point that air in motion, flowing rivers, moving tmins, 
my objects whatsoever moving over t,he sulfitce of t,he 
earth are subjccted to a. greater or less deflect,ive influence 
that t.encls to c.nusc the body to swerTe t,o the right in the 
Northern Ihiiisphere n l d  to tlie left! on its onward 
course in t’he Southern Heiiiis ,here. In ortlinarry law 

rot.ation. 111 fact., however, the cleflcc.t.ioiis are c.aused 
by conipone~tts of gravi ty which act in this manner when- 
ever any body is set in iiiot.ion relst,iw to t.he rotatiitg 
enrt,h; the moving eurt.h is nicrelp a condit.ion--nn C A S C ~ -  
tial to the situat,ion. Moreover, the effects nre  i:ot 
iniaginary or illusive, but nrc renl and che t,o the :i,ic.t.ioii 
of real forces. Gravit,y, aot.ing by mems of co inpoix~~t .~ ,  
is t.lit? real source of t.lie cIr.Aect.ire illfiuelic.es. -Tht’ii a 
body not 011 the Equntor niovcs esuctly enstwad or 
n-cstward t.lie daflecrtiug force is a real, lat.cral c.oni;mnrJl.t 

guage t,hese results are said. t.o 5 )e caused by tho earth’s 

---- - .- .. .. . . - ... . 

1 !I! Okuda, in MOXTELY WEATUER KEVIEW, May, i9W, 36 : 14i. 

of gravity. In this case tlie speed of the moving body is 
not affected in thc slight& degree. The direction of 
motion only is Cht~I!getl. For motion estlctly northward 
or sout,liward, howe\-er, just the reverse is true. A com- 
ponent of gravity then acts on air moving toward the 
p d e  to incrcasc its cnstwnrd ve1oc.it.g nncl vice versa for 
air nioving q u a  torwarcl. The cle,iiec.t.ion townrd the 
eiist or west!, of air niovii!g on t,hc meritlinn is t,herefore 
inore apparent t,han red,  in t,liRt the deflection results 
froin a change ill t,he nct.unl as well as in the relative 
vcllocity of the bodp in quest.ion, and at  the start is not 
literally a cliniipe of direcbioii of motion. The effect, 
nevertheless, is clue to  a renl component of the force of 

AS sooii as the: de- 
iecteri current acquires any apprec”i1)le component of 
niot.ion eilst,j!+d or west.mud the true latern1 component 
of gravit,y then dso act,s 1itern:ly to cltailge the direction 
of iiiotio:-i. Thc.following r i l l  give an idea of the mapi-  
t,ucle of t.liew effects: If t~ hit11 c!ou!cl be set in motion in 
(L frict io::less niiiniier in any directmion whatever on a 
smoot,h horizontal surface nt  1at.i t,udc 40’ mid at  nvelocity 
of 1 mile an hour, t,he biill m*oiilil travel iji ver T “ea;zcg 
closed circle of radius of a lit.tlc less than 3 mi es. 
successive curvc t h s  de3c.riribc.d \~oulil fall a t,rifle west 
of it.s wxlecessor; and the motion in the circle woulcl be 
rightrhided in t,ho Nort,hern Hemisphere, and left- 
handed in the Southern Hcmisphcre. If the b d  had a 
velocity of 10 miles per hour t.he mclius would he ten times 
as great., s~id so on. The radius will also have different 
values for diffcreiit latitudes. 

Bcfore matters now under discussion cnn be properly 
unclcrstood it s eem necessary dso to coInnient briefly 
upon t.he confusion in t.he use of the expression “centrifu- 
g:il force.” This t.crni runs all though st,udies nnrl cliscus- 
sions of the put,hs of moving bodies and roi,ating objects, 
itiid proniinent writcrs are somctinies careless in t.he use of 
tho \vord, wit.11 tho result t.lbtt the beginner and nontcch- 
nicd reaclcr nro hopelessly confused. “Centrifugal force” 
is not a renl force; that is, if the word “forceJ’ thus used 
has the same nieaning it lias wlwn ordinarily applied to 
otlier of the recomnizecl forces. 

Whenever any Rody whatsoever moves along a curved 
path, some deflect,ivo force is always acting perpendicular 
to t.hc pat.li and dircc,tly towards the cent.er of curvature. 
If it were not for such a radial or cent.ripct.al force the 
body would move in a stmight line. A hod moving in a 

the center nnd writ,ers often s oak of t,liis t>endenc as 
L L  cent.rifug;il force.” It niust, be $stinctl-y rccognized, l ow- 
ever, t,liat the “force” or tendency acting a,way from the 
celiter is sini ly an inertin reac.t.ion of the body and that 
t,liere is, in P act, a radial or cenbripet,nl force ncting on 
the body to constantly deflect, it toztmrd the canter and 
a ~ m y  from t.ho stmiwht, line it is nionicntarily following. 

ntioii having Eeen cit~led t.0 ccrt.@in sources of con- 
fusion nnd the charficter of the phenomena undcr con- 
sitl.erat.ion clearly inclicatcd, the renl problem before us 
may nom be taken up. 

ravity, as will hereafter be s l io~i i .  

c u r r d  path nlways acts c(.s <fits tendcd to B y away from 
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Let NESW in figure 1 be n meridionnl section of the 
geoidal figure of t,he ciirt,h with esccntricity grc?:rtly cs~rg- 
geratcd. Let w be the n n p h r  ve1ocit.y of rot.irt.ivn h l u t  
the axis Nh'. Imngiiie a body s:niiehow Iirld :it rest n t  P, 
that is, held so as not to part,;i,kc iif the enrt.h's rchtion. 
The eocerit.ric ti t.triLct.ion of the e.:irt.h for such n boclp 

this force may be represcnted in mi~gi:itiide and direction 
by the line PO t,lirougli 6'. If, h(Jwc\-Cr, t,he body :kt P 
is rotating with the c:irth it, \\-ill iiivve in :I circular p i th  
corresponding to the pn.r:dcl of I;it,itudo of it.s p!:rce iiaid 
must, therefore, be :icte(l upi>li by a rzdial ccntripc-hl 
force as PI? This farce is supplkd by tlic gavitationnl 
attraction of the enrt,li, and is! t.licrofore, a c.omponci:t, of 
PO, readily sliowii ns sucli hy compleiing t.lie p:~rnllelo- 
gram of forces FOO'P. The sppnrant. force of gruvit.y 
at  P on the rot,at.ing enrt.11 is, thnrefcm? lcw t,il:j,n t.l!o t,rue 
eocentric at.trnction (PO) and is s1iilwn in ninount and 
irection b the line PO'. The force PO' lies in t.ho 

direct.ion o 9 the pliinih line a t  P and is ncccssnrily per- 
pendicular to the geoidal surface a t  the same pint. ,  be- 

will f raw it  directly t.owartls the center of n i c w  C', and 

8 

W 

Fro. 1. 

cnuse by definition the georlid surface is one, each 
point of which is perpendiculnr to t.110 plumb lirie a t  the 
corrcspondiiig point. The angle YC'E = cp, is tlic geo- 
gra hied latitude of the plitcc Y. 

&.p we, now, the body or ninss, ni, a t  P nioves castsmxd 

force than PF now becomes iiccessnry t.o conipcl the 
body to reninin on tho surface of the earth. Let PF' 
represent the new force which, as Imfure, is a coiiiponont 
of the central gravitntioiitil tittruct ion of the earth. The 
new griivit.tit.ioiia1 forces acting on the body (now moving 
eastward) are found by cc.miplc?tiilg tho p.zrnllclo~rnm 
F'OQP. The corn ioncnt PQ is 1lOW the iipptrait Sorcc 

Ths force, however, is no longcr perpcndiculnr to the 
geoitlal surface; hencc u compoiicnt of fortbc t,o C:LUSC hori- 
z0nt.d inotion arises, so that by rewlutim o€ ftorc.es wc 
get the at.trnction PQ' st.ric.t,ly pp i id i cu ln r ,  and t.!ic! inn- 
gentinl conipoiient Y T, which IS t,lic suiight.-fu? cloBect,ir:? 
force. As the body is supposcd to be iiiovin~+ ensl.wnrd 
(perpendicular to thc plaiic of tho picturo in t,riis cnsc) it  

over t P ie cart11 a t  a unilorni volocity, v, a grcnter radid 

of gravit.y for a bot 1 J nt  P morinp mstzcairl at relocity v. 

is plilnin PT nct.s to deflect the inotion to the right. If 
tlic botly i i i o~os  Iroiii .o:ist. to west, the rndial force PF' 
inust he hss h n  PI;: ant1 it  is easy to see this would cause 
t.hu p i n t  crrrreupon(1ing t.o T to fill1 on the other side ofP, 
niitl tlio lxrilj- woalil bc cleflcctccl polewards but still to 
t,ho riglit, of its oii~vnrd course. 

It is iiitcrcating t.o not,icc t,lint,, while PO' represen6s the 
at,irnction of gravity on n st,ntioimry niiLss of air a t  P, the 
attr:icticrii for i~,iicl licnco t.he baromct.ric pressure of this 
s:me air n i : ~  nioring cnst,x-nrd a t  rclocitg e is less, and 
is rcy~r~wiitctl by FQi: 

The foriiiula for stating the value of P T  may be found 
as follows: 

Let PC"E = cp = the geographic latitude of P. 
w = niiwlnr velocity of earth's rotation 

= vcTocity of particle a t  unit distance from 

v = linear velocity, west to east, of body at P. 
r = dist,ance from surfnco to nsis of earth at 

fe = deflective force for est-west motion, 

Tlie actual angular velocity of a body moving east- 

axis. 

lntitude cp. 

= Q Q ' =  PT. 

ward a t  P with velocity v is 

(If the body moves westward 5 will be negative.) 

Thcrcforc the radial force, PF', necessary to maintain 
motion in a circle is 

PF' = m (  O+;Y r = OQ, 

also 
P F  = n~w'r = 00', 

FF' = PF' - PF = O'Q, 

Thcrefore for tho deflective force QQ' we have 

Escqt  very near t he  poIes, or for vcry high vduos 
of v, such as might occur, for esninplc, in studies of 
the inotioiis of projectiles, the term will bo so small 
that it  niny be ncglccted, in which case the deflective 
force bccomes 

f. = 3 mw2'siii C$ 

Since, ns ww pointcd out above, the attraction of 
gravity on n moving inody is not only less than when 
the btiily is at  rest on the earth, but is also inclined to 
tho p11:iiil) litis n t  the s:inie plnco, it, may be pointcd out 
as a dircct cordhry tlint the incnii suihce of n moving 
river is iirt at,rictly horizoiifunl. The angular deviation 
from n !iorizmtd surfncs is rcpresentcd in the clingram 
by tne angle QYQ'. 

d 
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DEFLECTION FOR MOTJON NORTH AND SOUTH. 

To understand how gravity accomplishes this result it  
is necessary to be fami1ia.r wit’li a fundnmciitnl principle 
of t;he clyn:miics of bodies mo~iiig freely undcr nttmct.ive 
forces like gravity. This riiiciple is the lm- of c c p l  
areas or the constancy o f  angular moimntum. It is 
fully explained in elenie.ntary testbooks of astronomy, 
aiid when applied to the case of air moving over the 
rotating siirfaco of the earth this law requires tlint, the 
s uare of tbe distance from the asis of rotntioii niulti- 
p 7 i d  by the angular velocity must be a consttint, so 
that if r is the dist,ance from the axis and w the angular 
velocit.y, then Pw = constant. 

This product is also called the angular momentum. 
The upper portion of figure 2 represei-its R nieridional 
elevation of the Northern Hemisphere. Be.low is shown 
one-half of a circumpolnr projection of the same region. 
Let us su pose that a body ttt rest on t,he enrt,h at- A will 
be Carrie B to A’ iii a short time, t secoiids, by reason of 

N 

Fm. 2. 

tho earth’s rotation. Let w indicate the angular velocity 
of this motion. If now the body st A is moving north- 
ward at t.he uniform velocity V i t  will not be found at A’ 
at the end of time, t? but will occ.upy a position as a t  A”. 
In this position it, is nearer the asis of the earth t.han 
before, that is, r is smaller than r and t,he angular 
velocity of the body must be greater, because the law of 
equal areas requires that 

Pw = r,2w,, or W? 
w1= c- 

The gain in angular -relocity in t secoiids is, thercfore, 

W P  

r, 
wl-w = 1 - w .  

St,rictlv speaking the ri1t.c of gain ii; ve1oc.it.y is iiot 
iiecessnrily the saiiie from instnnt to instant whai the 
changes of latitude of the moving body are coilsiclerahle, 

nevertheless for all meteorological purposes we may 
safely neglect, secondary vnriations; that IS, assume that 
the rate of change in angular velocity is constant. 
Therefore, the gain in velocity in one second is 
W ,  -a -- Nom thc gain in velocity of a body hi one second t 
is coinmoiily called “ accelcration” and may be repre  
sentzed in the present case by a. Moreover since the 
suifitce velocity iu the position A’’ equals r, times the 
angular yelocity we may write 

(r + r,) (r - rJ 
tr,  

a t - w  

Nom for tho motions taking place in a small interval of 
time like one second, arid escept for placcs quite near the 
pole, r aiid r, me very nearly equal, so that ‘ x 1 = 2 .  

Referring to the portion of the upper figure at the 
right-hand side, i t  is plain that when t is a relatively 
sninll time the difference between the two radii T,  and 
r is given by the equation r-r,=vtsiii Q. From these 
values we get 

a. = 2wv sin cp. 

A body mo~ii ig  steadily northward is, t.herefore, found to 
gain eastward velocity a t  the rate shown by the above 
equation. To a11 observer unconscious of the earth’s 
rotation the body seems to niove from A’ to A” as if it 
were deflected eastward by some defiecting force. Since 
it is customary to measure forces by the product of mass 
by acceleration we can write in this case 

fn =ma = 3m wv sin 9. 

From this we &id the deflective effect in the case of north- 
south motion is of exactly the same numerical value as in 
the case of east-west motion. 

It will doubtless be ndniitted from the foregoing, with- 
out further demo:istration, that any body moving in any 
direction over the surface of a rotating sphere seems to 
be deflected by a force of the maguitude given in the 
following equation 

f = 2mwv sin cp. 

As the proof of this brings out a point of some interest 
this also will be briefly given. 

Ti 

FIQ. 3. 

In figlire 3 let OP represent the velocity and direction 
of niotiua of sonie body. This motion can be regarded 
:is cnnipom1tlc.d of an ens twartl nio tioii OE and a north- 
vxrd motion O X .  Let ,u equal the vclocity of motion 
alO:tS OP,’ thC11 

Northward vclocity = 0 N = I! sin A, 
Eastward velocity = t9E = 2, cos A. 
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From the previous demonstration we have 

fn = Bniwv sin A sin Q. 

f e = 2mwv cos A sin Q. 

These deflective forces are shown in the clingrani, also 
their resultant deflection f, the value of which must be 

f n  f =sm =2mwv sin Q. 

(1) 
f = 22- = 9 -mwv sin $9. 

cos A or 

Viewed in this ninaner the defleci.ive inflncnre on any 
movin body niay be regarcled as conipo~uiiletl of nn 
effect H or inotion in the nieridisn, wliiah wc ha.ve Iou:ul 
accelerates or ret,nrcls t.lie angular rc1ocit.y of  the ixn-ing 
body, and another effec.t for motion oii n pm-dlrl of 
latitude which changw the dircctioii of iiiot.ion x;t.liout 
affecting velocity. 

A little esaniinnt,ion will show t.liat the cleflec t k e  
action must be to the right in the Nort,heni and to the 
left in the Southern Hemisphere. 

How gravity acts to aucelerate the cnstwa.rd mot.ioii 
of the body is clearly showii in the lower part of figure 2. 
As thc body moves iiorthwnrtl it. nioves spirnlly 1; tv,-aril 
towards the asis of thc ca.rt.h. The action of gravity iii 
this direction is iiicliiieil to tho path aiirl o:ie ~01111)01i~ilt 
of this force, t ,  accelerates thc mot.ion, while t!ic ot.lwr, f, 
neutralizes the “~eiitrifugal’~ tendency, that is, kc!cps 
the body from flying off oii a tmgait,. 

To computc numerical va1uc.s of forces by equabion (1) 
the proper units must be employed. There is pral:tir.tilly 
only one unit of force in sciciitific use, nan:ely, the dyne. 
‘In order that the e uat.ion limy give t,he force in dynes, 

er second and that. the angular vclocity of the ca.rth, w ,  
{e expressed in angular amount of motion per sccond. 
The earth makes a coniplete rotation ki o m  sitleriill (la , 
circumference is 2r. 

it is necessary simp Y y that c bc wensured in ooiitinieters 

that is, in S6,164 ordinary seconds. Since the who T e 

2 r  
86,164 

W ”  -. 
Since high wind velocities espressed in centinieters per sec- 
ond me inconveniently largg numbers, some niay prefer to 
express v iU. miles per hour. The equation then bccoiiies: 

f dyne# = 0.006530m q,, sin Q. 
t i  , .  

\\ ‘ \ . -  
CAUSE OB “SMOKE” FROX MOUNT HOOD. 

By FLOYD D. Y O U N ~ ,  rlssistant Obuer\*er. 

[Dated: WeJther Burow, Portland, ore:., Nov. 9. 1315.1 

The Portland “OTegonianJJ of October 21, 1915, pub- 
lished the following: 

MOUNT HOOD S E E S  TO S?dOEE--PEGULIA?l P H E N O I E X O Y  OHSERVEL) BY 
RESIDENTS OF THE DALLEY. 

(Specill.) 

TEE DILLES, OXEG., Octo5n. 2u. 
Groups of citizens here this afternonn, dmut 5 o‘tdnck, watched for 

many minutes a circle of smoke x-iiidi a;q:esre I to ije i;isiiing h i i n  t!ie 
vicinity of the crater o f  rllmrnt Hoi~d, 1,1Ji111 ieet bCdlJ’A’ the sum:iiit. 

Itwas smoke from the crater ur D niost pe.:ulinr atniosp!ieric cimlitim 
never before seen at that point nn the nrnirntain. i{ciwe ni:;h.ti’~il all 
the town was interested, ay tile sttxicfs id the various grqJs  oi xitiiesses 
became noised about. Many old residents were among the watchers. 

This is the latest of a long series of such reports sent in 
nt intervals from various towns in the vicinity of Mount 

report,, like its predecessors, mas telegraphed by the news 
syntlicntts to all parts of the United Stat,es and like its 
preilect+ssors, it eroked R great den1 of discussion and 
denial from geolngist,s. Prohnbly this latast story gained 
nioln credenci? tiinn the ones of fornicr years, on account of 
the 1nt.c activity of Mount Lnssen in California. 

Geologist,s u1iit.e in saying that the mountmain has not 
bccii nctirc since the earth becniiis iiilinbitcd nnrl that the 
dniigcr of an eruption a t  this tiiiic is inconsidernble. In- 
st-entl of boing n potm t.ial source of evil, B clorinant volcano 
rcnily at any time to burst fort.11 niicl ore~~7~11~lni  the sur- 
rountling ~‘oiiiitq-, hiount Hood is redly one of the great 
iiat,urnl rcsoiirc.es of tjlie State of Oregon. It acts ns a 
pwit rwm-oir, st,oring up watrr in Llie form of snow all 
t.lirough the \viut,cr aid  grnclunlly giving it up through the 
dry sunimor mont,lis, so t.liat t,he wnt,er stages of the four 
rivcrs that hnrc thcir orkin nt ita base rnry but little 
throughout the year. I n  tho Hood River Vnllev thoro is 
a s:Lyitig, “Tho waimicr the dag, the niore water for irriga- 
tion.” Tho great glacier that lwings Hood River into 
being adv:inces cloivn the mountain side during thc winter 
nioiit,lis nnd grnc1ii:Llly rt+trc!:it.s bcforc the suniiiier sun. 
On soiiie suninier days tlio tcnipcnturr! nt tho foot of this 
ice I ~ c ~ I  rcnchcs s ~ O P .  and OVOI’, niid the rapid melting of 
the ice is nintlc ericlcnt by t,he continunl clatter of thebowl- 
clcrs as they roll tlown the long steep t.erniinnl moraine. 
Were it not for the nicltiiig snows of Mount Hood niany 
stmniiis 1 1 0 1 ~  used for wntm power would be prticticnlly 
dry in suninicr and the city of Port.land, Orclg., would be 
forced to look elscwlicrc for it,s wnter supply. 

Thcre is no cloubt thiit the obscrrers who saw the 
mouiitnin “smoking ” wero sincere in their statcments, 
for t.hc phcnomenon is not unusual. Tlicre are three 
kinds of ‘Ls~iiolw’J that rise from tho to of Mount Hood 

niid on the peculiar to ograplig of the mountain top. 

in a coniplctc circle around t,he summit, forniing the walls 
of t.he crater. The southern and cnstcrn segnients of this 
circle have disnppoarccl, lcnving a semicircular wall of 
rock facing w-ost and north. 
loose dry snow is presoiit hdow the cliffs inside the cratnr 
rim, a s t row w-inil blowing froni the south or enat will 
swecp i t  to t,ie middle of the arc and there throw it high 
into tlic air. 

A case of this kind was wittieused by the miter from 
Portland on October 25, 1915. The sun was rather low 
in the west and wiis locilly obscured by clouds, but it 
slionc full on the inount~in and brought. it out in bold 
rclicf against tho sky. A thin plume of white was rising 
from the top of tlio peak to :I considerable height, and then 
curling off townrd tlic north. It WLS SO piitin as to be 
unniistdable, vxvering iii the wind, now rising, now 
falling, until it finally clisnppenrecl entircly. From the 
t.iine it mus first seen unt.il it disnp Iearcd was about four 

bovn rlsliig boforr! it. was S C O ~ L  Thiit the w i d  WAS blow- 
ing from thc south mas shown by the niovemcnt of a few 
siiiall cloulls cast of t.he 1iiount:iin top and at about the 
nltitudc? of ilie summit. 

The secoiicl tq:! of “siiioke” is esplained by the great 
variotg of cloud ioriiiv that are seen around the niountain 
a t  cliCcront times. Siiinll cloucls have often been seen to 
c1ri:‘t i1it.o the open side of the crat.er ring and be trans- 
foimed into an almost perpendicular column of vapor by 

Hood; hardly n yew of the lnst dccncle has 
the so-cnllcd ~ i i i o l i t ?  bcing sccn froni sonic 

nnd nLl three are dependent on niateoro r ogical conditions 

Evidently a t  onc tinie n R iqh inwnril-facing cliff estended 

(See figs. 1 und 2.) When . 

n i i n u t ~ s ~  but it is not linowi how 1 ong the “smoke” had 


